Abstract. Steady state somatosensory evoked potential (SSSEP) is an electrical signal generated in the cerebral cortex under external auxiliary stimulation. In the current literature, there are few studies on the extraction method of SSSEP in lower limbs. In order to be able to extract an effective SSSEP from lower limbs, electrical stimulation with different intensity is executed on the posterior tibial nerve of inner ankle of lower limbs. Select the optimal stimulation frequency combination among 5 stimulation frequency combinations through time-frequency analysis and brain topographic map. The results show that the electrical stimulation intensity of lower limbs is generally about 8 mA~25 mA, and the stimulation intensity of the left and right leg is different. The optimal stimulation frequency combination of the lower limbs is 28 Hz-33 Hz, with the best spectral characteristics for the subject at this frequency combination.
Introduction
Somatosensory evoked potential (SEP), a steady state response of the cerebral cortex, is an electrical signal containing the fundamental and harmonic components of the stimulation frequency appears in the perceptive cortical region of the brain [1] . According to the stimulation repetition rate, SEP divides into transient SEP and SSSEP [2] , and SSSEP becomes an indispensable inspection item for some clinical diagnosis [3] and plays a role in brain-computer interface technology [4] .
The morphology, size, and appearance time of the SEP vary with different parameters of the stimulation [5] . Therefore, the parameters of the auxiliary stimulation should be confirmed, such as stimulation form, position, intensity, pulse width, frequency and so on. Electrical stimulation and mechanical stimulation are the main stimulation form [2] , and the electrical stimulation is used in the study because of the simple operation and greater amplitude [6] [7] . It is generally preferred to stimulate the median nerve of the upper limb, the ulnar or radial nerve, and the common peroneal or posterior tibial nerve of the lower limbs to induce SEP [8] . Since the position of the posterior tibial nerve is relatively easy to determine, the stimulation position is 2 cm to 3 cm posterior to the inner ankle of both inner ankles [9] , where the bilateral posterior tibial nerve is. Generally speaking, the amplitude of SEP induced by weaker stimulation intensity is small, and the amplitude of SEP increases with the adding of stimulation intensity, but it will not change when it enhances to a certain extent. The stimulation intensity is generally 3~4 times the sensory threshold or 1.3~1.5 times the motion threshold [6] , and the stimulation intensity is suitable to achieve the initial contraction of the ipsilateral thumb or little finger(toe) [10] . Pulse width refers to the duration of the stimulation. The clinical applies 0.2 ms~0.4 ms, and 0.2 ms is selected [5] . A saddle electrode (3.5 cm*2.3 cm) with a spacing of 2 cm is used. Studies have shown that everyone's optimal stimulation sensitivity frequency is different [11] . In the electrical stimulation study of upper limbs, the frequency of maximum SSSEP amplitude is 21 Hz and 26 Hz [12] . By adding 5 Hz~29 Hz vibration stimulation to the right index finger, it has found that electroencephalogram (EEG) recorded has the largest response amplitude at the stimulation frequency of around 21 Hz [11] . However, some studies have pointed out that the left and right hand index finger with the vibration stimulation of 17 Hz~35 Hz and the frequency differs by 5 Hz. The results show that the optimal stimulation frequency of different individuals is in the range of 20 Hz~31 Hz [13] . In the study of lower limbs, by adding the vibration stimulation of 17 Hz~35 Hz to the toes, the results show that the optimal stimulation frequencies of the left and right toe in different individuals are different [14] . In order to find the optimal stimulation frequency for lower limbs and avoid overlapping with the characteristic bands of motor imagery for the purpose to combine SSSEP and motor imagery in later research, that are Alpha band(8 Hz~13 Hz) and Beta band(14 Hz~25 Hz). In the duration of electrical stimulation, the left ankle employs 26 Hz~30 Hz, the right ankle applies 31 Hz~35 Hz, and the bilateral stimulation frequencies differ by 5 Hz [12] .
Design of the Experiment The Programme
The equipment used is SynAmps2 (Neuroscan, USA), a new electrophysiological amplifier, and Scan software (Neuroscan, USA) (sample rate: 1 kHz, bandpass filter: 0.1 Hz~200 Hz, acquisition mode: AC) to collect 64-channel EEG. A total of 5 healthy graduate students are recruited as volunteers (2 males, 3 females, aged 24~26 years old) to participate in the experiment.
The Paradigm
During the experiment, which is conducted in a quieter and dim environment, the subject should quietly sit on a chair, 1 m from the screen. At the start of the experiment, the subject needs to adjust the stimulation intensity of each ankle. The intensity may cause slight contraction of the ipsilateral toe or the intolerable tingling of the ankle. The schematic diagram of the task is shown in Figure 1 . At 0 s, the screen displays the message to remind the subject to start. At 2 s, a red "+" appears on the screen, and the corresponding command causes the electrical stimulator to start working. At 3 s, a string of 15 characters consisting of numbers and letters appears on the screen, and the subject counts 5~12 letters included in the string (in order to make the subject not concentrate on the stimulation [15] ), the task lasts 5 s, and the subject should avoid blinking in the duration. The task is over at 8 s, meanwhile, the stimulation stops, then the subject begin to rest for 1.5 s and a random time of 0.5 s~1.5 s is added. There are 20 trials both in a control group without stimulation and in the test group with stimulation (5 groups of different frequency combinations of electrical stimulation). 
Data Processing Preprocessing
The preprocessing of EEG is finished by EEGLAB toolbox in matlab, including: eliminating unnecessary electrodes(mainly referred to electrodes not used in brain topographic analysis, that are CB1, CB2, M1 and M2), electrode positioning, re-reference(the average of all leads signal is used as a reference in the research), filtering(bandpass filtering:1 Hz~75Hz, notching filter:50 Hz), data segmentation, baseline correction, and removal of electrooculogram. In order to determine the optimal stimulation frequency of the subject, the spectrum is analyzed by Fast Fourier Transform (FFT), which is a fast algorithm of Discrete Fourier Transform. The fundamental and second harmonic signals in EEG are extracted by FFT to compare the spectral differences between different frequencies. Time-frequency spectrum is a method to directly observe the change of signal with time and frequency. Event-related spectral perturbation (ERSP) (represented by the symbol ERSP) describes the change of energy in specific frequency band. It has shown that SSSEP in the central region is more obvious [16] [17] , so EEG at Cz between 3.5 s~8 s from all subjects under different stimulation frequency combinations is averaged. The spectral characteristics of the averaged EEG are analyzed by FFT. In order to observe the energy change of EEG with time-variation, EEG at Cz of all subjects is averaged. The frequency bands with obvious characteristics of SSSEP are analyzed to obtain the time-frequency spectrum. Figure 2 is an mean spectrogram and mean time-frequency spectrum of all subjects at Cz. The average spectrogram in Figure 2 shows that the subject can produce significant SSSEP in the cerebral cortex when subjected to electrical stimulation. And there are significant spectral features at the fundamental and second harmonics of the electrical stimulation frequency, indicating the feasibility of parameters of the stimulator. The corresponding spectral intensity is different under 5 frequency combinations of stimulation, where the spectral characteristics under the combination of 27 Hz-32 Hz and 28 Hz-33 Hz are most obvious. From the average time-frequency spectrum in Figure 2 , EEG has higher energy at the corresponding electrical stimulation frequency throughout the task, which is consistent with the results of the spectrogram.
Spectrum Analysis
For further determining the optimal stimulation frequency combination, the spectrum analysis of EEG from all subjects under different stimulation combinations is performed. According to the spectral results at Cz, the optimal frequencies are displayed through comparing the spectral features under 5 combinations. As shown in Table 1 , the optimal stimulation frequency and the corresponding stimulation intensity of all subjects are displayed. Although EEG can be observed to have obvious spectral characteristics under each frequency combination, it can be seen from Table 1 that the optimal stimulation frequency of the lower limbs of most subjects is the combination of 28 Hz-33 Hz. The stimulation intensity of different subjects is different, so does the intensity of the left and right ankle, but the intensity of the lower limbs is generally 8 mA ~25 mA.
Brain Topographic Map
The brain topographic map is a plane figure of the spherical scalp. It is an auxiliary method commonly used in multi-channel EEG. The power values in a certain frequency band are represented by different colors to show the distribution of the characteristics of the cerebral cortex. Select the frequency band and time period of EEG in each channel, and the selected time-frequency data is averaged in frequency and time to obtain single-dimensional feature data, then the feature data set of all channels is obtained, which forms the topographic map of the brain. EEG of 5 subjects in the control group and the test group are collected from 3.5 s~8 s, and 20 Hz~75 Hz is used for analysis. The average brain topographic map is obtained by averaging all data. Figure 3 is the average brain topographic map of all subjects under different stimulation frequency combinations.
As can be seen from Figure 3 , SSSEP mainly occurs in the somatosensory and motor cortex near the central ditch of the brain. Within a certain range, the energy change increases with the stimulation intensity, but the change is reduced when exceeding certain intensity. And the signal energy changes most severely at a stimulation combination of 28 Hz-33 Hz. Furthermore, the subjects reported that the stimulation would increase the attention and concentration of performing the tasks. 
Summary
Electrical stimulation with different intensity is executed on the posterior tibial nerve of inner ankle of the lower limbs and the intensity has differences among individuals. The stimulation pulse width is selected to be 0.2 ms, the stimulation frequency is set as 5 frequency combinations. Then the corresponding EEG is collected. The analysis of FFT spectrum and time-frequency spectrum of EEG at Cz show that the stimulation intensity of the lower limbs of different individuals is different, so does the left and right ankle. But the stimulation intensity is generally in the range of 8 mA~25 mA. The optimal stimulation frequency of different individuals is also different. By comparison, the spectrum characteristics of the subjects have the best performance under the combination of 28 Hz-33 Hz, which remains with the result of brain topographic map same.
